Abstract. The solid catalyst was prepared by loading K 2 CO 3 on CeO 2 , which was used in transesterification between dimethyl carbonate (DMC) and n-octanol (OctOH). The optimized reaction condition was carried out at 90 °C for 2 h, then heated up to 130 °C for 5 h, the molar ratio of n(OctOH)/n(DMC) was equal to 4/1, and the catalyst amount was 0.2 wt%. K 2 CO 3 /CeO 2 is found to be an efficient catalyst for the transesterification, and this catalyst has higher activity. The yield and the selection of dioctyl carbonate are 72.43% and 90.05%, respectively.
Introduction
Dioctyl carbonate (DOC) is a promising skin-conditioning emollient and the other ingredient that also functions as a crystalline suntan solvent [1] [2] . For the synthesis of DOC, the transesterification was a feasible, mild conditions and efficient approach [3] . The raw materials for ester-exchange reactions, dimethyl carbonate (DMC), is a green reagent with the advantages of non-toxicity, mild reaction conditions, and environmental friendliness [4] [5] . The reaction of DMC and n-octanol (OctOH) is a two-stage reversible reaction where octyl methyl carbonate (OMC) is the intermediate. Moreover, OMC disproportionated reaction generated DOC and OctOH at the same time ( Figure 1  (3) ). To improve the DOC productivity, the by-product, methanol, was removed in the second stage by reactive distillation. Transesterification can be conducted by using homogeneous or heterogeneous catalyst under mild conditions, such as KNO 3 [6] , KOH [7] , dibutyltin oxide [8] , CaO [9] and K 2 CO 3 /MgO [10] . Solid base catalysts are believed to be ideal catalyst for transesterification due to its low cost and facile separation of production. CeO 2 is an imperative metal oxide which is frequently used as support or solid catalyst [11] . In the current work, K 2 CO 3 /CeO 2 was synthesized by co-impregnation method and its catalytic activity was evaluated for DMC transesterification with OctOH. Effects of reaction conditions and orthogonal experiment were investigated in detail and suitable reaction conditions were also worked out in this study.
Experimental

Materials
K 2 CO 3 (AR, Kaixin), KOH (AR, Sinopharm), KNO 3 (AR, Sinopharm), CeO 2 (AR, Sinopharm), Dimethyl carbonate (AR, Guangfu), Octanol (AR, Kermel), Methanol (GR, Oceanpak) and deionized water (self-prepared, >8MΩ). All these chemicals were used without further purification.
Catalyst Preparation
The catalyst was prepared by co-impregnation method. CeO 2 powder (0.6 g, 0.0035 mol) was soaked in K 2 CO 3 solution (5 mL, 1.45 mol/ L) at room temperature for 24 h. After the evaporation to remove water, it was calcined in muffle furnace for 4 h at 500 ℃. The catalyst was obtained and noted as K 2 CO 3 /CeO 2 .
Reaction Procedure
The equation for two-stage synthesis of DOC is showed in Figure 1 . (1) and (2). The first stage (stage-1) was conducted in a 100 mL glass reactor fitted with a reflux appliance and magnetic stirrer. The substrates of the reaction were shown as follow: octanol and catalyst. 0.05 mol DMC was dripped slowly in the reactor at 90°C for 2 h. The second stage (stage-2) was conducted at higher temperature with a continuous removal of methanol and unreacted DMC from the reaction system. When the reaction was complete, the catalyst was removed from the liquid products by filtration after cooling to room temperature.
The liquid product was analyzed and quantified by HPLC (Waters, e2695), using pure methanol as the mobile phase. HPLC was equipped with Refractive Index Detector (waters 2414) and carried out on a C 18 column (5 μm, 150 mm × 4.6 mm, sunfire). The column temperature was 30°C, the flow rate was set at 0.6 mL/min, and the injection volume was 10 μL. The retention time of OctOH, OMC and DOC were 3.75 min, 4.28 min and 7.18 min, respectively.
Results and Discussion
Catalytic Performance of Various Catalysts
The synthesis of DOC from the transesterification of DMC and OctOH was investigated in the presence of various catalysts shown in Table 1 . K 2 CO 3 , KOH, CeO 2 and K 2 CO 3 /CeO 2 produced DOC with yield of 64.71%, 55.62% 57.15% and 65.69%, along with the formation of side product OMC. KNO 3 showed no catalytic activity for the synthesis of DOC. Homogeneous catalysts, K 2 CO 3 and KOH, exhibited higher conversion rate of DMC than heterogeneous catalyst CeO 2 . K 2 CO 3 /CeO 2 can remarkably improve the selectivity of DOC. In the following work, K 2 CO 3 /CeO 2 was employed to catalyst the reaction of OctOH and DMC. The reaction conditions were also optimized. 
Effects of Experimental Conditions
The effect of catalyst amount on the DOC yield was present in Figure 2 . (a). DOC yield increased from 64.65% to 67.65% with the rising of catalyst addition amounts from 0.0625% to 0.25%. Excessive catalyst inhibited the formation of DOC. Figure 2. (b) showed the effect of stage-2 reaction time. The results indicated that the yield of DOC was improved from 60.41% to 68.57% with the increase of reaction time within the first 5 h. The DOC yield changed less obviously. The dependence of DOC synthesis on the stage-2 reaction temperature was investigated and shown in Figure 2 .
(c).
When the temperature was 120 ℃, the highest DOC yield was 66.79%. Methanol cannot be completely vaporized at 110 ℃ triggering low DOC yield. When the temperature was too high (more than 130 ℃), the generation of catalyst carbon deposition may affect the synthesis of DOC. In figure 2 .
(d), the change of OctOH/DMC molar ratio was from 2/1 to 6/1. The DOC yield increased from 59.73% to 67.92%. Considering the atom utilization, further enhancement in OctOH to DMC was not investigated in this work. 
Orthogonal Experimental Design
An orthogonal experimental design was applied to discuss the effect of the catalyst addition, molar ratio, and stage-2 reaction time and temperature for the DOC synthesis. Catalyst addition, molar ratio and stage-2 reaction time and temperature were determined as four factors for the orthogonal experiment and each factor had three levels, as shown in 
Conclusions
In summary, the K 2 CO 3 /CeO 2 catalytic system shows high activity in the synthesis of DOC by transesterification of OctOH with DMC. Under the optimized reaction conditions, the yield and the selection of DOC are 72.43% and 90.05%, respectively.
